Problem statement: Insufficient PA is rising concern in modern society. Physical education as a compulsory subject allows all students to engage physical activity. However, the activity levels may vary during the physical education lesson depending on the motivation of students. Purpose: The purpose of this study was to determine the amount of time spent in light physical activity, moderate to vigorous physical activity and sedentary activity by a sample of Finnish fifth grade students during physical education lessons. Approach: A cohort of 407 Finnish students' (177 boys, 232 girls) participated to study. To determine activity, participants wore GTX3 Actigraphs for seven consecutive days. Participants' activity scores were grouped in quartiles based on their weekly average moderate to vigorous physical activity. Different activity group and gender comparisons were undertaken using MANOVA. Results: Contrasts regarding activity quartiles revealed that in the least active group quartile (Q1) boys had more sedentary time and less MVPA time than in the more active group quartiles (Q3&Q4). Among girls, Q1 girls had less moderate to vigorous physical activity than girls grouped in Q3-Q4, and had more sedentary time than all other quartile groups. Conclusions: Results demonstrated that during PE lessons differences in activity between children with different moderate to vigorous physical activity levels exist. Physical education teachers should consider developing lesson strategies to address the differences identified in ST and MVPA. Programs that foster consistency in student engagement at the moderate to vigorous physical activity level may also support a decrease in levels of sedentary time across the physical education lesson.
Introduction
Recent reports highlight the public health concern related to insufficient physical activity (PA) and the harmful effects of excessive or uninterrupted sedentary behaviour especially screen time (Liu, Wu & Yao, 2016) . In addition to reduced PA, another concern is polarization of PA (Lundvall & Meckhbach, 2010) , which is demonstrated by cohorts of the childhood population being physically active, whereas other cohorts are living highly sedentarily(3). Since there is strong evidence of progressive decline in PA as individuals gets older (4) (5) (6) it is essential to engage people in physical activity during the early childhood period. School physical education (PE) lessons have proved to be effective way to increase PA during school day and serve an important role in adopting a physically active lifestyle (7) (8) . The purpose of this study was to investigate the different PA levels of 11-12 years old Finnish children across a day inclusive of PE lessons.
PA guidelines for children aged 5-17 years outline that at least 60 minutes of moderate to vigorous physical activity (MVPA) every day is required to gain health benefits (9) . Based on sample data collected from children across 12 countries the mean time for MVPA was close to the recommended guidelines (10) . However, quartile distributions of MVPA levels have previously been shown to clearly differentiate activity groups (11) , particularly during leisure-time (after school & weekends) (12) . In addition to low levels of MVPA, less active children usually engage in higher levels of sedentary time (ST) (11) . However, high amounts of ST are also commonly reported among highly active children (13) .
Previous studies reported that PA levels vary during PE lessons depending on the context of the lesson(14-15) and content of the lesson (16) (17) , class sizes (17) , autonomy of the students (18) , or student SALIN, K., HUHTINIEMI, M., WATT, A., HAKONEN, H., MONONEN, K,. JAAKKOLA,
demographics (19) (20) . While the recommendation (e.g. in USA) for MVPA is at least 50% of the lesson time, in most studies it has been found that these guidelines are not met. For example, in Sweden, USA, Estonia 25%, 27% and 29% of the lesson time were spent in MVPA (16) (17) (18) , and only 3% of the students achieved the recommendation for 50% in MVPA (17) . In previous studies, light physical activity (LPA) percentages during PE lessons (in Australia and Sweden) have been 33.1-35.8% and ST percentage (in Estonia, Australia and Sweden) 29.3%-39.3% of the lessons (16, 22, 23) .
Based on the recent literature, it is known that activity levels vary depending on content and context of PE. However, how much time and in which intensity levels active and inactive children engage during PE lessons is still unclear. The purpose of this study is to measure PA and ST during PE lessons between different activity groups and genders in a sample of 11-year-old children. Specifically, the amount of time and percentage of time spent in various activity levels (i.e. ST, LPA, MPA, vigorous physical activity [VIG]) during PE lessons will be determined. In addition, the contribution of participating in PE to the daily total ST, LPA, and MVPA and association of length of PE lessons and total PA will be evaluated.
Methods
This study used data from the research project "Associations between monitoring and feedback system for physical functional capacity and Finnish students' physical performance, physical activity engagement and motivation in PE. The study targeted children's PA and sedentary behaviours.
Participants and setting
In total, 592 children (309 girls, 283 boys) aged 11-12 (M = 11.3, SD = 0.3) participated in the study. Data were collected from students in 37 different classes across 17 socio-demographically representative Finnish schools in September 2017. Participants' stature was measured to the nearest 0.1 cm using portable measuring equipment. Body mass was measured to the nearest 0.1 kg using calibrated scales for children in light clothing who were barefooted. For each participant, BMI was calculated and z-scores were assigned to each child (24 
Instruments
Children were fitted with a GT3X-BT Actigraph accelerometer (Pensacola, FL) by trained researchers in the beginning of the research period. Participants were asked to wear the accelerometer for seven consecutive days (with exception of sleep-time and water-based activities) on their right hip with an elastic belt. The epoch length was set at 15 seconds and data was processed using Actilife Lifestyle monitoring System, version 6.12.1. Non-wear time was defined as 30 min of consecutive zeros. Analyses were restricted to 407 participants (68.8% of 592 participants) who provided at least three days (two week days plus one weekend day) of valid accelerometer data (mean 6.22, range 3-7) and had at least 30 minutes of wear-time during the PE lesson. Threeday measurement has proven to be a reliable method when investigating PA and ST (25) . A valid day was defined as recording at least 500 min of measured wear time between 07:00 and 23:00. In previous studies, it has been shown that at least 360 minutes should have measured for a valid day (26) . To avoid possible bias in PA levels and ST, children who provided three valid days of accelerometer data were compared with those who provided four or more days. No differences between MVPA levels were found.
Procedure
Standard cut-points were used to define the mean daily percentage of time spent at various intensities: sedentary (0-100cpm), light (101-2295cpm) and moderate to vigorous (>2295cpm) (27) . LPA and moderate to vigorous were divided to two categories to allow closer examination (LPA1 101-1197, LPA2 1198-2295: moderate physical activity (MPA) 2296-4011 and VIG 4012-19999). The relative time in which children participated in LPA, MVPA or ST was calculated as percentages [(certain activity level time / total wear time)×100].
PA levels and ST were also assessed during the PE lessons. In Finland, students in each grade have two hours (45 minutes) of obligatory PE, but there might also be an additional PE lesson in fifth grade (45 min) due to curriculum reform implemented in 2016 (28) . Official school timetables for each participant were obtained from the school. In addition, and for data consistency reasons, participants were asked to fill out diaries indicating the beginning and the end of the school day. PE lessons were tracked from the accelerometer data, based on the school timetable of the students. PA was compared between boys and girls with independent t-tests. In addition, different PA groups were classified in accordance with quartile distributions, based on the weekly total MVPA separately for boys and girls. For boys, quartiles for MVPA were as follows Q1: 0-48.5 minutes, Q2 48.6-61.6 minutes, Q3:61.7-78.8 minutes and Q4:78.9-151 minutes. For girls, quartiles for MVPA were as follow: 0-39.7 minutes, Q2:39.8-52.5 minutes, Q3:52.6-65.6 minutes, and Q4:65.7-128 minutes.
Data analysis
Lesson activity averages and standard deviations were computed for all continuous variables in the overall sample. Multivariate analysis of variance (MANOVA) was used to assess differences between quartiles in different activity levels. Class group was included in the analyses to control for the possible effect that this could have on children's activity during PE lessons. The numbers of participants meeting the PA guidelines were compared between groups using chi-square tests. All analyses were completed using IBM SPSS Statistics 24.0. SALIN, K., HUHTINIEMI, M., WATT, A., HAKONEN, H., MONONEN, K,. JAAKKOLA,
Results
Boys in Q1 had significantly greater body mass than their Q3 and Q4 peers (p<.001-.010, d=0.92-0.93), and a significantly higher proportion of Q1 boys were categorized more overweight/obese than those in Q4 (p=.002). Q1 girls had higher BMI than Q4 (p=.040, d=0.31). Significantly more Q2-Q4 boys and girls achieved the recommended PA levels than Q1 boys and girls during weekdays (p<.001-.003 , d=040) . During weekend days, significantly more Q3-Q4 boys and girls achieved the recommended PA levels than Q1 and Q2 boys and girls (p<.001-.013). During both weekdays and weekend days, significantly more Q4 boys and girls achieved PA recommendations than Q3 boys and girls (p<.001). Boys in Q1 had significantly more ST time than Q2-Q4 groups during weekdays (p<.001, d=0.92-1.52) and weekends (p<.001, d=0.81-1.36). Among girls, during the weekdays the Q1 cohort had more ST (p.<001-.022, d=0.71-1.30) than Q2 and Q4, and on weekends Q1 and Q2 had more ST than Q4 (p<.001-.012, d=0.89-0.79).
ST, LPA and MVPA during PE lessons
The mean PE lesson time was 91.2 minutes (SD 13.7) and 94.2% of the lessons were longer than 60 minutes. From the total wear time during PE lessons children spent 37.3% in sedentary activity, 39.3% in LPA (26.7% in LPA1 and 12.6% in LPA2) and 23.3% in MVPA (14.3 in MPA and 9.0% in VIG). Significant differences were only found between boys and girls in VIG activity minutes (boys 8.9 vs. girls 7.4, p=.034, d=0.20). Children who had shorter PE lessons (60 minutes or less), had significantly more ST time during lessons (50.2% vs. 36.4%, p<.001) and less LPA (33.3% vs. 40.3%, p=.002) and MVPA (16.3% vs. 23.4%, p=.020). Results also revealed that students participating in the same lesson were demonstrating substantial differences in ST and MVPA. The highest difference for a class group in student ST was 63% (range 25-88%) and 48% for MVPA (range 28-76%). The lowest difference for a class group in ST was 7% (8-15%) and 10% for MVPA (%). Only 6.4% of the students achieved the level 50% of MVPA level during the PE lesson. In ST there were significant differences between the Q1 boy's group and both Q3 and Q4 boys (p=.050-<.017, d=0.64-0.65), with Q1 boys having the highest amount of ST. Q1 boys had less MPA and MVPA than boys in groups Q3 (p=.004, d=0.72, <.001, d=0.82) and Q4 (p<.001, d=0.80-0.98), and less VIG (p=.005, d=0.89) than Q4 boys. Also, Q2 had less VIG than Q4 (p=.010, d=0.25). Q1 girls had less MVPA (p=.001, d=0.54, <.001, d=0.50) and VIG (p=.002, d=0.70, <.001, d=0.67) than Q3 and Q4 girls (table 2) . When the least active and most active groups were compared (i.e. Q1 boys vs Q1 girls, Q4 boys and Q4 girls) no significant differences between boys and girls were revealed in MVPA or VIG. PE lessons contributed 39.9% of daily average MVPA for Q1 boys and 46.0% for Q1 girls. For Q4 similar MVPA percentages of 28.7% for boys and 29.7 for girls were determined. PE lessons contributed 18.2% for Q1 boys and 18.7% for Q1 girls of total LPA. Similarly, percentage of total LPA during PE lessons for Q4 boys was 15.0% and for Q4 girls, 14.8%. For Q1 girls LPA during PE lessons contributed significantly more LPA of the daily accumulation than for Q4 girls (p=.004).
Discussion
This study examined the PA levels of children (aged 11-12) during the PE lesson and differences in PA between gender and physical activity groups. In addition, total ST and PA between different PA groups were compared. Also, the attainment of WHO PA guidelines were compared between different groups. This study showed that students with different total weekly MVPA levels also differ in PA levels assessed during PE lessons. The current data revealed that the range for ST and MVPA was very high during the same PE lesson and students with lower total MVPA had also lower MVPA time during PE lessons. On the other hand, the least active male students had more LPA than the more active male groups. The results of this study therefore, reinforce the importance of focusing on the least active children, since they are experiencing less high intensity PA than other groups. Getting the most active children to move more in PE may not have much influence on overall PA, overall health or their current connection with a physically active lifestyle, whereas supporting the least active to move in PE more may have greater potential to influence their total PA(30), health and even their attitude towards PA and engaging in a physically active lifestyle. The increase in overall PA of the least active children will also contribute to longer term developments in societal health and well-being.
MVPA, LPA and ST during PE lessons
In previous studies that have used objectively measured PA, percentage of MVPA in PE has been 34.7 (range 25.1-44.4) (29) . In this study, percentage of MVPA was 23.3 which is lower than average in systematic review by Hollis 29 , but a similar level as reported in a Swedish study (25%) (16) . Lower levels of MVPA in this study may be influenced by the common practice of PE being taught in primary school settings in Finland by generalist teachers, who do not have a specialist background in PE, with only limited training in PE curriculum and pedagogy. Level of MVPA during PE lessons may also be influenced by other factors. For example, in a study from Australia it was reported that when students had a possibility to influence to the context of the PE lesson their PA levels are higher (18) . In addition, classes that have less than 25 students have demonstrated higher levels of student MVPA (17) . Type of PE content also influences activity levels. Fröberg, et al. reported that fitness, orienteering and games generate higher levels of MVPA than dance or gymnastics (17) . While the SALIN, K., HUHTINIEMI, M., WATT, A., HAKONEN, H., MONONEN, K,. JAAKKOLA, T ---------------------------------------------------------------------------------------------------------------------------------
www.efsupit.ro 960 level of MVPA was low, there was a positive finding that there was no statistical difference in MVPA between boys and girls, which has usually seen in studies measuring MVPA during PE lessons (17, 20) . In this study, students in PE lessons that lasted more than 60 minutes had more time in MVPA and less time in ST than children in PE lessons less than 60 minutes. This is in line with previous studies reporting that PE lessons with 90 minutes have higher contribution to the recommendation for MVPA (19) . Hence, it would be more beneficial for students to participate in PE lessons longer than 60 minutes, since the organisational arrangements and class management may reduce the total time available for PA, especially from MVPA (14) . The contribution of PE lessons to daily total PA varied between 28.7% and 46%. It has been shown previously that PE contributes significantly to daily total PA(30). Among the least active contribution was nearly 50% of total daily MVPA. At the same time, these groups were least active during PE lessons. Increasing MVPA time among these students in PE could potentially increase the total MVPA during their day. This aspect highlights the importance of focusing more on less active children.
While the MVPA levels found in this study was much lower than the recommended level (e.g. in the USA, 50% of total time) (21) for PE lessons, it should keep in mind that some PE activities are delivered at a lower intensity. Furthermore, PE also has other purposes than PA engagement, such as social, well-being and psychological objectives (28) . While meeting the target level of MVPA (50%) during the PE lessons can be seen as an indicator of positive engagement within PE, it is only one aspect of the goals of a high-quality PE curriculum. In the future, greater focus could be directed to the PA equality of PE lessons. Instead of targeting high amounts of MVPA (i.e. 50%), which seems to be realistic only for the most active children, keeping children moving at an equivalent level of MVPA would constitute an important objective for PE lessons that may also contribute to broader societal health goals (31) . This study provides important information for PE teachers and acknowledging the possibility of being differently active during PE lesson should be included in the planning process of the PE lessons. PE lessons could be planned so that there is no place for ST or at least trying to minimize these situations in the PE lessons. If it is not possible to limit the sedentary sessions during the lesson, it should be taken into account that same students do not stay sedentary for a long time.
Strengths and Limitations
The strength of this study was objectively measured data collected from more than 400 fifth grade students. Neither context nor content of the PE lessons were controlled within the research design. Only one PE lesson per student was included in the analysis. Future research will focus on following-up the activity levels of the same students during their subsequent PE lessons. In addition, data that are more comprehensive will be provided from the PE lessons related to the content of the lesson. This kind of information would be important for PE teachers when planning the lessons. What kind of content provides more ST and probably, why it is so? The influence of class size and the PE teacher's gender on children's MVPA and ST, and students' motives for PE participation and related PA engagement during PE lessons would be important variables to investigate.
Conclusion
This study showed that there are differences between the PA levels of students during PE lessons. Students whose daily PA level is at low level are also less active during their PE lessons. These less active students spend more time engaged in sedentary behaviour and are engaged in less MVPA during the lessons. In the future, more focus should be directed towards facilitating active movement within lessons at similar levels across the student cohort, not simply aiming to reach an objective of 50% in MVPA for all students during the lesson. Because there were fewer differences in LPA levels, this study reinforces that PE teachers should concentrate on creating opportunities for students to further engage in MVPA, but also, limit opportunities for ST. In this study, the least active male students also had also higher BMI. Therefore, there is a major concern related to these children's' health. Both PE teachers' and other school personnel (e.g. school health care personnel, principals) should acknowledge how to promote PA during and after school day.
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